The genes (ABCC8 and KCNJ11) have a key role in glucose-stimulated insulin secretion and thus have always been considered as excellent susceptibility candidates for involvement in type 2 diabetes. Common polymorphisms (KCNJ11 E23K and ABCC8 exon16-3t/c) in these genes have been reported to be associated with type 2 diabetes in various European-descent populations. However, there were inconsistent results in previous studies in East Asian populations and no large case-control studies have been carried out in the Chinese Han population. In this study, these two variants were genotyped in about 4000 Chinese by using TaqMan technology on an ABI7900 system. A meta-analysis was also used to assess the results of association between the two variants and type 2 diabetes in East Asian populations. Our investigation confirmed the association between the KCNJ11 E23K variant and type 2 diabetes under a recessive model (KK vs EK+EE) in the Chinese Han population (odds ratio (OR)¼1.25, 95% confidence interval (95% CI) 1.04-1.50, P¼0.017). The meta-analysis of East Asian populations also showed a strong significant association of the K allele with diabetes (OR¼1.15, P¼3Â10 À9 ), whereas the exon16-3t/c variant (rs1799854) in ABCC8 showed no significant association. Thus, the common E23K variant is considered as a strong candidate for type 2 diabetes susceptibility across different ethnicities. Keywords: association study; Chinese population; KCNJ11; meta-analysis; type 2 diabetes Type 2 diabetes is a polygenic disorder characterized by defects in insulin secretion and peripheral insulin resistance. The pancreatic b-cell adenosine triphosphate (ATP)-sensitive potassium channel (KATP), which is composed of Kir6.2 subunits (the KCNJ11 gene) and Sur1 subunits (the ABCC8 gene), has a central role in the regulation of glucose-induced insulin secretion by linking signals derived from glucose metabolism to cell membrane depolarization and insulin exocytosis. 1 Mutations in both genes can cause familial persistent hyperinsulinemic hypoglycemia in infancy and permanent neonatal diabetes. The KCNJ11 and ABCC8 genes are located at the same chromosome locus, 11p15.1, and are only 4.5 kb apart. Moreover, the strong linkage disequilibrium (LD) across the KCNJ11 gene also extends into the ABCC8 gene. Two representative common variants (KCNJ11 E23K and ABCC8 exon16-3t/c), which were in different LD blocks, have also been reported to be associated with type 2 diabetes in various ethnic populations, with fairly consistent results for the KCNJ11 E23K variant and conflicting results for the ABCC8 exon16-3t/c variant. [1][2] [3] [4] However, a large-scale association study of these genes has not been carried out in the Chinese Han population; and there was much inconsistency in results in East Asian studies before. [5] [6] [7] [8] [9] 
Type 2 diabetes is a polygenic disorder characterized by defects in insulin secretion and peripheral insulin resistance. The pancreatic b-cell adenosine triphosphate (ATP)-sensitive potassium channel (KATP), which is composed of Kir6.2 subunits (the KCNJ11 gene) and Sur1 subunits (the ABCC8 gene), has a central role in the regulation of glucose-induced insulin secretion by linking signals derived from glucose metabolism to cell membrane depolarization and insulin exocytosis. 1 Mutations in both genes can cause familial persistent hyperinsulinemic hypoglycemia in infancy and permanent neonatal diabetes. The KCNJ11 and ABCC8 genes are located at the same chromosome locus, 11p15.1, and are only 4.5 kb apart. Moreover, the strong linkage disequilibrium (LD) across the KCNJ11 gene also extends into the ABCC8 gene. Two representative common variants (KCNJ11 E23K and ABCC8 exon16-3t/c), which were in different LD blocks, have also been reported to be associated with type 2 diabetes in various ethnic populations, with fairly consistent results for the KCNJ11 E23K variant and conflicting results for the ABCC8 exon16-3t/c variant. 1-4 However, a large-scale association study of these genes has not been carried out in the Chinese Han population; and there was much inconsistency in results in East Asian studies before. [5] [6] [7] [8] [9] In this study, 1912 unrelated type 2 diabetes patients and 2041 normal controls (Supplementary methods) were recruited from Shanghai, China, by measuring their clinical characteristics (Supplementary Table 1 ). Both the SNPs (single nucleotide polymorphisms) mentioned above were genotyped by TaqMan SNP Genotyping Assays on an ABI7900 system (Applied Biosystems, Foster City, CA, USA). The genotyping success rates were above 98% and the concordance rates were 100% in duplicate samples. We used SHEsis 10 (http:// analysis.bio-x.cn/myAnalysis.php) to perform Hardy-Weinberg Equilibrium (HWE) tests. Logistic regression analysis and multiple linear regression analysis were performed on SPSS/Win programs (SPSS, Chicago, IL, USA) to evaluate the effects of the variants on type 2 diabetes and diabetes-related metabolic traits (Supplementary methods). In addition, a meta-analysis was used to evaluate the influence of the two variants in East Asian populations. We identified studies for the meta-analysis by searching in MEDLINE (http://www.ncbi.nlm.nih.gov/) and conducted the meta-analysis using Comprehensive Meta Analysis software (Version2.0, BIOSTAT, Englewood, NJ, USA) (Supplementary Methods).
The allele and genotype distributions are summarized in Table 1 . Both variants were in HWE. The LD coefficients (D¢ and r 2 ) between the two variants were 0.110 and 0.005, respectively, which were consistent with those of previous studies. rs1799854 showed no association, whereas rs5219 showed a significant association with type 2 diabetes in the recessive model (KK vs EK+EE; odds ratio (OR) 1.25, 95% confidence interval (95% CI) 1.04-1.50, P¼0.017), with age, sex and body mass index adjusted. In addition, clinical and biochemical parameters did not show any difference among the different genotypes of the rs1799854 and rs5219 variants (Supplementary Table 2 ). For meta-analysis, there was no significant heterogeneity (Cochran's Q-test) and publication bias (Egger's test) for rs5219 (P¼0.41 and P¼0.15, respectively) and rs1799854 (P¼0.92 and P¼0.90, respectively). For meta-analysis of the KCNJ11 E23K variant, all eight studies [5] [6] [7] [8] [9] 11, 12 included 7874 cases and 7629 controls and showed a strong significant association (fixed OR 1.15, 95% CI 1.10-1.21, P¼3Â10 À9 , Figure 1a) . For the ABCC8 exon16-3t/c variant, all five studies 7,9,13,14 included 4651 cases and 4394 controls and showed no association with type 2 diabetes (fixed OR 1.05, 95% CI 0.99-1.12, P¼0.080, Figure 1b) .
In this study, two variants (rs5219 and rs1799854) that were researched fully in European-descent populations were analyzed in a large Chinese population (1912 patients with type 2 diabetes and 2041 normal controls). For a disease susceptibility allele frequency of 0.4, our sample had 499% power to detect the OR of a susceptibility gene in the range of 1.15-1.20. Furthermore, our meta-analysis study confirmed the association between the E23K variant and type 2 diabetes in the East Asian population, with an allelic OR of 1.15, and this result was significantly consistent with that in previous association studies and in several genome-wide association studies. 2, 15, 16 The KCNJ11 E23K variant tends to exert similar effects on type 2 diabetes and seems to be fairly common in East Asians (the frequency of the risk K allele was 39.4% in our Chinese Han population). Thus, this polymorphism is considered to be a strong The association of SNPs with type 2 diabetes was assessed by logistic regression with adjustment for covariates. For regression modeling in the additive model, homozygotes for the major allele (1/ 1), heterozygotes (1/2), and homozygotes for the minor allele (2/2) were coded to a continuous numeric variable for genotype (0, 1, and 2). The dominant model was defined as 1/1+1/2 vs 2/2 and the recessive model as 1/1 vs 1/2+2/2. a Adjusted for age, gender and BMI. b PAR¼(XÀ1)/X, assuming the multiplicative model where X¼(1Àf) 2 +2f (1Àf) g+f 2 g 2 ; g is the estimated OR and f the frequency of the risk. Common polymorphisms in KCNJ11 were detected to be in a strong LD block and the block also extended to the ABCC8 gene in several previous studies; for instance, both ABCC8 S1368A (rs757110) and KCNJ11 rs5215 were in a high level of LD (r 2 40.8) with the E23K variant. 5, 7, 9 In addition, rs1799854 is located in the 3¢-splice site of the ABCC8 gene and can impair normal splicing. In this study, it is not possible to exclude the ABCC8 gene as a susceptibility gene involved in type 2 diabetes, even though no association was detected for rs1799854 in the East Asian population. To explore the effects of the ABCC8 gene on type 2 diabetes, more tag SNPs need to be selected in further studies.
In summary, both the case-control study in the largest Chinese population so far and the meta-analysis study of East Asian populations confirmed that the KCNJ11 E23K variant was associated with type 2 diabetes. In addition, the KCNJ11 E23K variant is a common polymorphism worldwide and each copy of the susceptibility allele has a modest effect (ORB1.15) on type 2 diabetes.
